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The present study aimed to analyze the vegetation dynamics and plant diversity from the dry deciduous
forests of Doon Valley. Species richness, regeneration, and change in community composition of these
forests were studied and change was noticed with Shorea robusta as the main dominant species, and
Mallotus philippensis, Syzygium cumini, and Ehretia laevis as codominant tree species in all communities.
The highest species richness and diversity rates were found to be increased with the decrease in tree
density and basal area. The high Importance Value Index recorded in Thano (>150) indicates that the S.
robusta forest is progressing toward the culmination stage, whereas the lower IVI values (100 and 150) in
the other two sites (Selaqui e Jhajra and Asarori) signify the heavy disturbance of these sites and further
establishment of alien invasive species such as Cassia tora, Cassia occidentalis, Lantana camara, Urena
lobata, Ipomoea carnea, Sida acuta, and Solanum torvum.
Copyright  2014, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. All rights reserved.Introduction
Vegetation is an important part of the ecosystem that reﬂects
the effects of the entire environment (Billings, 1952). Vegetation
complex ﬂuctuates from season to season in a cyclic way, and over
the years in a successional manner; these ﬂuctuations suggest a
response by each species population to the prevailing heat, mois-
ture, and light as modiﬁed by the vegetation itself (Heady, 1958).
The development and death or decay of plant species alters the
pattern of the species distribution in a community (Watt, 1964).
Vegetation ecology includes the investigation of species composi-
tion and the sociological interaction of species in communities
(Mueller-Dombois and Ellenberg, 1974). It puts emphasis on the
study of composition, development, geographic distribution, and
environmental relationships of plant communities (Legendre and
Fortin, 1989; Kolasa and Rollo, 1991). A detailed vegetation anal-
ysis provides information about species diversity, community or-
ganization, niche resources apportionment, and turnover rate of
species in a forest ecosystem.l).
useum of Korea (NSMK) and
um of Korea (NSMK) and Korea NaPlants growing together have a mutual relationship among
themselves and with the environment (Mishra et al., 1997). The
quantitative relationship between rare and profusely growing
species is an important structural property of a community. The
quantitative study of vegetation is called Phytosociology (Braun-
Blanquet, 1932), and its principal aim is to describe the vegeta-
tion, explain or predict its pattern, and classify it in a meaningful
manner (Odum, 1971). Phytosociological analysis of a plant com-
munity is ﬁrst and foremost the basis of the ecological study of any
piece of vegetation, and this study is important for understanding
the functioning of any community (Warger and Morrel, 1978).
The Shorea robusta Gaertn. f. (sal hereafter) forests of Doon
Valley are some of the most frequently studied vegetation tracts in
India. The wooded communities have been described in detail, and
studies on sal regeneration are landmarks in the ecological and
forestry literature of India (Champion, 1923; Bhatnagar, 1960;
Champion and Seth, 1968). The ground layer has also received
attention (Rajvanshi et al., 1983). The Doon Valley forests, however,
are increasingly noted for their wildlife values and for their role in
ecological and forestry studies. Doon Valley is now facing a grave
threat of losing its characteristic subtropical sal forests owing to the
alterations in biodiversity associated with human activities. The
reasons for this include the continuously increasing population
owing to enormous employment and economic opportunities,
subsequent urbanization, and loss of aesthetic quality.tional Arboretum (KNA). Production and hosting by Elsevier. All rights reserved.
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for fuel and fodder, along with extraction of medicinal (Zingiber
roseum) and ethnobotanical (Pterospermum acerifolium, Calamus
tenuis) plants, are themajor disturbances prevailing in the region. In
addition, in recent years, overmature sal and those infested by
Hoplocerambyx spinicornis (sal borers) were also removed or har-
vested by the forest department (Chauhan, 2001). All these distur-
bances have resulted in large canopy gaps and tampering of forest
soils, which have made the forest ﬂoor vulnerable to runoff during
rains. With the runoff of the top soil, all the nutrients are washed
away and the soil becomes oligotrophic. Evergreen species are
better adapted to oligotrophic soils as they can amortilize the nu-
trients over a longer period (Grime, 1973) with their greater tissue
longevity (Hiremath et al., 2002) and greater nutrient storage and
recycling (Aerts, 1989). The dominance of perennial grasses in-
dicates their competitive success under stressful conditions (Pandey
and Singh, 1987; Seneviratne et al., 1992) as they have extremely
large and complex root systems, which enable them to collect water
and essential nutrients over a wide area.
Change is the law of nature, and the sal forests of this valley are
no exception to these changes. Urbanization, a new symbol of
prosperity, and reduction in forest cover are altering the tempera-
ture and reducing the amount of rainfall received by Doon Valley
(Negi and Chauhan, 2002). The anthropogenic disturbances have
created wide canopy gaps that are affecting these forests by pro-
moting the invasion of other opportunistic species and indirectly by
reducing the soil moisture, a prerequisite ecological factor for sal
regeneration. Doon Valley is currently undergoing a rapid eco-
nomic development with increasing national and international
trade activities, especially after the inception of Uttarakhand in the
year 2000 and the establishment of Dehra Dun (Doon valley) as the
capital of the state. Factors such as construction of new roads and
highways, spreading railways, increased disturbance, ecological
construction, illegal land encroachment, increasing tourist ﬂux
throughout the year, development of urban townships, and
increased species introductions have led to ecological side effects,
as a result of which the area of natural sal forest is decreasing, and a
signiﬁcant spread in weeds and invasive species has occurred. All
these changes have increasingly threatened the integrity and di-
versity of Doon Valley’s unique ecosystems and species. The Doon
Valley dry deciduous sal forest, which is rare and one of its kind, is
now experiencing remarkable changes. The study sites chosen for
the present study have been experiencing a wide range of
anthropogenic disturbances such as collection of fuel and fodder,
cattle grazing, and increase in population in the villages located in
the study sites. Therefore, in the present study, we addressed the
following issues: (1) the current status of different plant species
and the regeneration status of sal forests from different locations of
Doon Valley; (2) the role of anthropogenic activities and other
disturbance regimes in determining the phytodiversity of the val-
ley; (3) the frequency, distribution patterns, and abundance of
plants in the valley; and (4) the soil physicochemical properties
along the altitudinal gradient and their possible role in determining
the vegetation diversity of the valley.
Restoration of sal forest is particularly vital to retain the native
plant species, which in turn makes it necessary to conduct a
complete inventory and phytodiversity analysis in this valley. SomeFrequency ¼ Total no: of quadrats in which the species occure
Total no: of quadrats studiedof the previous studies from this region mentioned the amplitude
of disturbances such as frequent forest ﬁres, collection of fodder
and fuel wood, grazing of cattle, and other climatic changes in the
valley (Negi and Chauhan, 2002), which have forced the locals to go
for cooler places such as Asarori and Thano forest, thereby putting
extra pressures on these areas and the nearby forests. The pe-
ripheries of SelaquieJhajra forest and nearby places have now been
intruded by different industries, which further contributes to the
heavy instability of in- and outstation workers. The ecological di-
versity of the valley is unique, suggesting wide-ranging impacts,
and therefore needs to be addressed. This study is an attempt to
tackle this issue and provides a frame of reference to other re-
searchers and policy-makers who want to obtain relevant data on
forest inventory and their current and future implications.
Materials and methods
Study sites
Field survey was conducted in the Doon Valley (area
w3008 km2; 29550 and 30300 N; 77350e78240 E; 600e800 m
amsl). The climate of the area is tropical; the averagemaximum and
minimum temperatures are 27.65C and 13.8C, respectively, and
the average annual rainfall is 202.54 cm. The soils are developed on
the deep alluvial deposits with the parent material derived from
the Doon alluvium. About 52% (1607 km2) of the Doon Valley en-
compasses subtropical deciduous forests, with a high abundance of
sal (>80%), which sometimes form a pure crop over extensive areas.
In these subtropical dry deciduous forests, sal is the dominant
overstory species with Mallotus philippensis as codominant tree
species and Clerodendron viscosum and Lantana camara as under-
story associate species. All past studies clearly distinguished four
different layers in these forests, with sal and Terminalia alata
occupying the top story followed by Syzygium cumuni in the middle
story, and M. philippensis and Ehertia laevis in the lowermost tree
canopy, and the understory shrub and herb layer. The areas covered
in the present studydThano forest range, Asarori forest range, and
SelaquieJhajra forest rangedwere thoroughly surveyed for their
topography, microclimate, and biotic stress conditions (Figure 1).
The phytosociological studies of these sites were conducted during
the rainy seasons for herbaceous vegetation and once for trees and
shrubs in 2011e2013. The vegetation was analyzed via random
sampling to obtain the most representative composition of the
vegetation. The vegetation survey was carried out using the nested
quadrat method. Twenty quadrats, each of 10 10m2 and 5 5 m2
size, were laid on each site for the purpose of studying the trees and
shrubs, respectively, whereas 30 quadrats of 11 m2 size were laid
for the herbaceous vegetation. In each tree quadrat, the circum-
ference at breast height (cbh; i.e. at 1.37 m above ground level) of
each tree (>10 cm cbh) was measured, and individuals with cbh
<10 cm were recorded as saplings (Pande et al., 1988). Seedlings
and saplings were included as herbs and shrubs, respectively.
The dominance of the plant species was determined using the
Importance Value Index (IVI) of these species. Vegetation compo-
sition was evaluated by analyzing the frequency, density, abun-
dance, and IVI, using the following formula given by Mishra (1968)
and Curtis and McIntosh (1951):d 100
Figure 1. Map of Doon Valley study sites, Uttarakhand, India (source: www.mapmyindia.com).
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Frequency of all species
 100Density ¼ Total no: of individuals of a species
Total no: of quadrats studied
Relative densityð%Þ ¼ Number of individuals of a species
Number of individuals of all species
 100
Abundance¼ Total no: of individuals of a species
Total No: of quadrats in which thespecies occured
Relative Dominanceð%Þ ¼ Basal area of a species
Basal area of all the species
 100
IVI ¼ Relative frequencyþ Relative density
þ Relative dominance
Basal cover is considered as the portion of ground surface
occupied by a species (Greig-Smith, 1983). Basal area measurement
was based on the following formula:
Total basal coverðTBCÞ ¼ Mean basal area of a species
 density of that species







orðr ¼ C=2 3:14Þ;
where C is the average circumference of one individual of that
species, and MBA is expressed as cm2 plant1 (Mishra, 1968).Diversity indices and evenness
The ShannoneWiener diversity index (H0) was calculated from





where s ¼ number of species; pi ¼ proportion of individuals or
abundance of the ith species expressed as a proportion of total
cover; and ln ¼ log base n.
The beta diversity was computed to measure the rate of species
change across the sites (Whittaker, 1975) using the following
formula:
beta diversityðbÞ ¼ Sc
S
:
Equitability or evenness was calculated using the formula given





i¼1 pi ln pi
ln s
;
where s ¼ number of species; pi ¼ proportion of individuals or
abundance of the ith species expressed as a proportion of total
cover; and ln ¼ log base n.
TWINSPAN
In ordination, the arrangement of vegetation samples in relation
to each other is done by direct or indirect method. In the present
study, TWINSPAN ordination (an indirect ordination), which was
developed as a computer program in FORTRAN on the basis of the
paper published under the name “Indicator species analyses, a divi-
sivepolytheticmethodof classiﬁcation, and its application to a survey
of native pine woods of Scotland” by Hill et al. (1975), was done. The
classiﬁcation of species was done according to their ecological pref-
erences. The classiﬁcations were used together to obtain an ordered
two-way table that expresses the synecological relations of species as
succinctly as possible. TWINSPANWindowsVersion 2.3 (MarkO.Hill,
Ithaca, New York, USA) was used for the analysis.
Soil chemical analysis
Air-dried 2-mm sieve soil samples collected from the two studies
were subjected to routine chemical analysis. Total N was determined
using the micro-Kjeldahl approach, and available P was determined
by molybdenum blue colorimetry. Exchangeable K, Ca, and Mg were
extracted using ammonium acetate, and K was determined on the
ﬂame photometer; Ca and Mg were determined using an atomic
absorption spectrophotometer (Okalebo et al., 1993), and the pH and
electrical conductivity of the soil (soil/water, 1:5) were determined
using awater analysis kit (Systronics India Ltd. (Ahmedabad, Gujarat,
India)). The organic carbon of the soil was determined using the
Walkley and Black, (1934) rapid titration method as described by
Piper (1944). Statistical analysis was carried out using XLSTAT
version 2011 (Addinsoft, USA) for Microsoft windows.
Results
Dominance (IVI) of herbs from SelaquieJhajra forest
Distribution analysis of the herb species in the SelaquieJhajra
range showed that the dominating species was Achyranthes aspera
with an IVI value 16.99. The codominating species were Setaria
glauca (IVI ¼ 15.11), Tridax procumbens (IVI ¼ 15.91), Z. roseum
(IVI ¼ 14.33), and Polygonum plebejum (IVI ¼ 14.34). A. aspera was
recorded to have the highest density (2.50 individual m2) followed
by S. glauca (2.10 individual m2) and P. plebejum (2.10 individual
m2). The lowest density (0.30 individual m2) was recorded for
Portulaca pilosa (IVI¼ 5.12) and Phyllanthus urinaria (IVI¼ 5.21). An
80% frequency was observed in two species, A. aspera and Sida
rhombifolia (Appendix 1).
Dominance (IVI) of shrubs from SelaquieJhajra forest
A total of 21 shrub species were recorded in the SelaquieJhajra
range. Results show that the IVI values ranged between 8.35 and
27.33, withMurraya koenigii, L. camara, and Clerodendrum viscosum
being the most dominant species in the SelaquieJhajra range. The
codominant species in this area were Salix tetrasperma, Randia
uliginosa, Opuntia dillenii, and Ardisia solanacea. The lowest fre-
quency (30%) was recorded for Asparagus adscendens and Urena
lobata. Bambusa arundinacea had theminimum IVI value (8.35). The
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S. tetrasperma and U. lobata. The maximum abundance/frequency
(A/F) ratio was recorded for U. lobata (Appendix 2).
Dominance (IVI) of trees at SelaquieJhajra forest
The distribution analysis of the tree species in the Selaquie
Jhajra range showed that S. robusta had the highest IVI (114.66),
followed by M. philippensis (27.44) and Syzygium cumini (25.33). A
100% frequency was recorded for S. robusta. T. alata, Bauhinia vari-
egata, Flacourtia indica, Ehretia laevis, and Cordia dichotoma had a
frequency of 20% in this range; however, a 10% frequency was
observed for two tree species. The A/F ratio ranged from 0.034 (for
Anogeissus latifolia) to 0.211 (forMiliusa velutina). The minimum IVI
value (4.02) was recorded for Caseaseria tomentosa (Appendix 3).
Dominance (IVI) of herbs at Thano forest
A total of 27 herbs species were recorded in the Thano range.
Themaximum IVI (16.59) value, 90% frequency, and highest density
(3.50 individual m2) were recorded for Vernonica cinerea. The
highest A/F ratio (0.10) was recorded for Phyllanthus virgatus, which
had an IVI value of 9.87. Theminimum IVI value (5.46) was recorded
for Mosla dianthera and the lowest A/F ratio (0.025) was recorded
for Mazus rugosus. The codominating species were Hygrophila
angustifolia (IVI ¼ 17.55), A. aspera (IVI ¼ 15.33), and Spilanthes
paniculata (IVI ¼ 13.22; Appendix 4).
Dominance (IVI) of shrubs at Thano forest
A total of 24 shrub species were recorded in the Thano range.
Adhatoda zeylanica was the dominant species with an IVI value of
26.40. The codominant species were Solanum hispidum (17.75),
M. koenigii (16.87), and Flemengia bracteata (16.32). The minimum
IVI value (3.53) was recorded for Azanza lampas. The maximum
abundance (4.21) was recorded for Carissa opaca. The survey
recorded a 50% frequency for seven species, 80% frequency for one
species, and 70% frequency for one species. Invasive shrubs such as
L. camara in these forests have gradually established a strong
presence, while still being frequent in the other two sites
(Appendix 5).
Dominance (IVI) of trees at Thano forest
S. robusta had the maximum IVI (176) in the Thano range.
M. philippensis and S. cumini had an IVI value of 32.10 and 24.33,
respectively. A total of eight species were recorded in this range.
The maximum share was attributed to S. robusta. A 20% frequency
was recorded for T. alata and Cassia ﬁstula. The A/F ratio ranged from
0.034 to 0.12. The minimum IVI value (11.98) was recorded for
Bombax ceiba (Appendix 6).
Dominance (IVI) of herbs at Asarori forest
The distribution analysis of herb species in the Asarori range
shows that a total of 49 herb species were recorded at this site.
None of the species showed a 100% frequency. The highest density
value (2.50 individual m2) was observed for Aerva sanguinolenta,
which had an IVI of 8.9. Euphorbia hirta, the dominating species in
this site, had the highest IVI value (10.33). The codominating spe-
cies were Justicia diffusa (10.24), Lindernia ciliata (9.32), P. urinaria
(8.68), S. glauca (8.99), and Fimbristylis dichotoma (8.99). The IVI
values of all species found in this range ranged from 3.44 (for
Oplismenus compositus) to 10.33 (for E. hirta). The highest A/F ratio
(0.092) was reported for Triumfetta rhomboidea, and the lowestfrequency (30%) was recorded for Cynoglossum lanceolatum,
S. paniculata, Syndrella vialis, and T. rhomboidea (Appendix 7).
Dominance (IVI) of shrubs at Asarori forest
The distribution analysis of the shrub species in the Asarori
range shows amaximum IVI value (35.45) for L. camara followed by
A. solanacea (22.56) and U. lobata (18.44). The lowest frequency
(30%) was observed for Desmodium gangeticum. The highest density
(3.90 individual m2) was recorded for Clerodendrum viscosum
followed by A. solanacea (3.60).The minimum IVI (9.11) was recor-
ded for C. tenuis. The highest A/F ratio (0.125) was recorded for
Colebrookia oppositifolia (Appendix 8). During the phytosociological
study, the edge of this forest range was found to be heavily infested
by the invasive species L. camara; however, the deeper part of the
forest, where there is less light penetration, was found to be rela-
tively less infested.
Dominance (IVI) of trees at Asarori forest
S. robustawas the dominant species in the Asarori range, with an
IVI value of 132.44. The codominant species were M. philippensis
(39.44) and E. laevis (29.33). A total of 15 species were recorded in
this range. A 20% frequency was reported for ﬁve species
(A. latifolia, B. variegata, Litsea glutinosa, Ougeinia oojeinensis, and
Terminalia bellirica), and a 30% frequency was recorded for Casearia
tomentosa, C. ﬁstula, Ficus benghalensis, M. velutina, and S. cumini.
The minimum IVI value (3.98) was reported for Casearia tomentosa.
S. robusta accounted for a 47% share in the forest of Asarori range
(Appendix 9).
Diversity and related measurements
Herb layer
An analysis of the diversity status of herbs at various study sites
showed that a diversity (species richness) ranged from 27 species
(Thano range) to 49 species (Asarori range). The highest beta di-
versity value (b ¼ 3.98) was found in the Thano range and the
lowest (b ¼ 2.55) was recorded at the Asarori range. The concen-
tration of dominance (Cd) ranged from 0.03 (for Asarori range) to
0.04 for (Thano range and SelaquieJhajra range). The minimum H0
(3.84) was recorded in Asarori, which has 49 herb species, whereas
the maximum H0 (4.20) was recorded at the Thano range. The
concentration of dominance increased with the increase in even-
ness (J) in the following order: Asarori range < SelaquieJhajra
range < Thano range. The H0 decreased in the following order:
Thano range> SelaquieJhajra range> Asarori range (Appendix 10).
Shrub layer
The results revealed that a diversity (species richness) was
highest at the Thano range (24). Asarori range and SelaquieJhajra
had the same a diversity (21). The highest b diversity (3.88) was
recorded for the Asarori range. The highest Cd was recorded for the
Asarori range, whereas the lowest Cd was recorded for Selaquie
Jhajra and Thano ranges. The highest H0 (3.89) was recorded in the
Thano range, whereas the lowest H0 (2.66) was recorded in Sela-
quieJhajra. The maximumvalue of evenness (J) was recorded in the
SelaquieJhajra range (0.9549), whereas theminimumwas recorded
in the SelaquieJhajra range (0.95) (Appendix 11).
Tree layer
The results conﬁrmed that a diversity (species richness) was
highest (15) at the Asarori range. SelaquieJhajra and Thano,
meanwhile, had an a diversity of 14 and 08, respectively. A b di-
versity of 4.98 was recorded at the Thano range. The highest Cd
Figure 2. Classiﬁcation of herb species on the basis of TWINSPAN.
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was recorded at the Asarori range. The highest H0 (2.92) was
recorded in the SelaquieJhajra range, whereas the lowest H0 (1.54)
was recorded in the Thano range. The maximum value of evenness
(J) was recorded in SelaquieJhajra (0.59), whereas the minimum
value was recorded in the Thano range (0.51; Appendix 12).
TWINSPAN
Herb layer; species classiﬁcation
The two-way indicator species analysis classiﬁed 66 plants
species into 17 groups. Classiﬁcation at the ﬁrst level, with an
eigenvalue 0.511, clustered the species on the right-hand side (RHS)
and the left-hand side (LHS). A total of 27 species were clustered in
the RHS, whereas 39 species were clustered in the LHS (Figure 2).
The herbs were classiﬁed into 17 groups. Two groups consisted
of a single species only (group V, Desmodium heterocarpon; group
VIII, J. diffusa). The largest group was Group VII, with 10 species.Table 1
Clustering of herb species in various study sites.
Group No. of species Name of species
I 4 Emilia sonchifolia, Eragrostis trem
II 3 Artemisia nilagirica, Cyperus rotun
III 3 Cynotis cristata, Mimosa pudica, P
IV 5 Alternanthera sessilis, Corchorus a
V 1 Desmodium heterocarpon
VI 4 Bidens biternata, Polygonum plebe
VII 10 Aerva sanguinolenta, Chrysopogon
Fimbristylis dichotoma, Lindernia c
VIII 1 Justicia diffusa
IX 8 Adenostemma lavenia, Anisomeles
Eleusine indica, Eragrostis tenella
X 4 Digitaria granularis, Hygrophila an
XI 2 Parthenium hysterophorus, Sida rh
XII 3 Acrocephalus capitatus, Lindernia
XIII 3 Achyranthes aspera, Ageratum con
XIV 5 Mazus rugosus, Oplismenus compo
XV 2 Borreria articularis, Phyllanthus vi
XVI 4 Desmodium triﬂorum, Portulaca p
XVII 4 Asparagus racemosus, ChenopodiuFour species each were present in Groups I, VI, X, XVI, and XVII.
Parthenium hysterophorus and S. rhombifolia formed Group XI,
whereas Borreria articularis and P. virgatus formed Group XV
(Table 1).Shrub layer; species classiﬁcation
A total of 43 species were analyzed with TWINSPAN, which
classiﬁed these species into 12 groups. The ﬁrst division, with an
eigenvalue of 0.565, separated 25 plant species on the LHS and 18
on RHS. These species were further classiﬁed into different clusters.
A total of 12 groups were formed altogether (Figure 3). Group XI
was the largest group and consisted of Barleria strigosa, Cudrania
javensis, Dendrolobium triangulare, Desmodium caudatum, Eupato-
rium adenophorum, F. bracteata, Limonia crenulata, Pogostemon
benghalense, and S. hispidum. Group II was represented by only one
species (B. arundinacea). Groups III, VI, VIII, and X had four species
each. Only three species (A. zeylanica, Cassia occidentalis, andula, Malvastrum coromandelianum, Phyllanthus urinaria
dus, Xanthium strumarium
eperomia pellucid
estuans, Cyperus kyllingia, Euphorbia hirta, Setaria glauca
jum, Tridax procumbens, Zingiber roseum
aciculatus, Cynodon arcuatus, Dactyloctenium aegypticum, Evolvulus nummularius,
iliate, Paspalidium ﬂavidum, Rauvolﬁa serpentine, Sida cordata
indica, Bacopa procumbens, Cynodon dactylon, Cyperus paniceus, Cyperus pumilus,




sites, Syndrella vialis, Triumfetta rhomboidea, Vernonica cinerea
rgatus
ilosa, Sida cordifolia, Spilanthes paniculata
m album, Cyperus nutans, Mosla dianthera
Figure 3. Classiﬁcation of shrub species on the basis of TWINSPAN.
G Mandal, SP Joshi / Journal of Asia-Paciﬁc Biodiversity 7 (2014) 292e304298Ipomea carnea) were present in Group XII. Two species each were
present in Groups IV, V, VII, and IX (Table 2).
Tree layer; species classiﬁcation
A total of 19 tree species were analyzed with TWINSPAN. Divi-
sion number 1 classiﬁes the 19 species with an eigenvalue of 0.364
into 12 species in the LHS and seven species in the RHS. Twelve
species were further classiﬁed with an eigenvalue of 0.247 into
three species on the LHS and nine species on the RHS. Three species
formed Group I, whereas nine species were further clustered into
eight and one species. The seven species obtained after the I Divi-
sion were classiﬁed into ﬁve species on the LHS and two species on
the RHS. A total of eight groups were formed after the classiﬁcation
with TWINSPAN (Figure 4). Group III was the largest groupwith ﬁve
tree species (A. latifolia, B. variegata, C. tomentosa, C. ﬁstula, and
M. velutina).One species each was present in four groups (Groups II,
V, VII, and VIII). Group I had three speciesdF. benghalensis,
L. glutinosa, and O. oojeinensis. S. robusta along with other species
formed Group VI. Two species (C. dichotoma and F. indica) were
present in Group IV (Table 3).
Tree layer; soil analysis
There was little variation in the percentage of sand, silt, and clay
found in all sites. The percentage of sand ranged between 55.44%
and 69.87%; silt, between 10.12% and 26.11%; and clay, between
18.45% and 20.01%. Bulk density ranged between 1.25 g cm3 andTable 2
Clustering of shrub species in various study sites.
Group No. of species Name of species
I 6 Desmodium pulchellum, Ipomea atropurp
II 1 Bambusa arundinacea
III 4 Azanza lampas, Boehmeria frutescens, Ca
IV 2 Callicarpa macrophylla, Cassia tora
V 2 Calamus tenuis, Urena lobata
VI 4 Lantana camara, Randia uliginosa, Salix
VII 2 Ardisia solanacea, Clerodendrum viscosu
VIII 4 Asparagus adsecndens, Carissa opaca, Co
IX 2 Agave cantula, Holarrhena antidysentrica
X 4 Baliospermum montanum, Coffea bengha
XI 9 Barleria strigosa, Cudrania javensis, Dend
Flemengia bracteata, Limonia crenulata,
XII 3 Adhatoda zeylanica, Cassia occidentalis,1.43 g cm3, and it was comparatively higher in Asarori forest. Soil
porosity ranged between 42.97% and 44.22%, and the higher values
were observed in Jhajra and Selaqui forests. Soil moisture content
was also comparatively higher in the Jhajra and Selaqui forests, and
the overall range was between 12.03% and 15.04% in all sites. The
pH of the soil was found to be acidic in all sites, ranging between
5.69 and 6.21. The carbon content ranged between 1.67% and 1.87%,
the nitrogen content ranged between 0.12% and 0.13%, the available
phosphorus ranged between 22.98 ppm and 24.7 ppm, and the C/N
ratio ranged between 12.85 and 14.92 (Table 4).
Discussion
Structure, composition, and function are the three important
attributes of forest ecosystems. These attributes change in response
to climate, topography, soil, and disturbances. The abovementioned
factors, along with forest succession, are also responsible for both
local- (within stand) and landscape-level variations in forest attri-
butes, thereby producing spatial heterogeneity (Timilsina et al.,
2007). The communities are determined in relation to soil condi-
tions, slope angle, elevation, regional climate, and topography. The
vegetation of any place is the outcome interaction of many factors
such as mesotopographic gradients, the elevation, soil, species
composition, and biotic interferences (Bliss, 1963; Douglas and
Bliss, 1977; Billings, 1979). It is also reported that the regional
patterns of species richness are consequences of many interactingurea, Opuntia dillenii, Phlogacanthus thyrsiﬂorus, Rubus ellipticus, Toddalia asiatica
lotropis procera, Glycosmis pentaphylla
tetrasperma, Solanum torvum
m
lebrookia oppositifolia, Murraya koenigii
lensis, Desmodium gangeticum, Flemengia paniculata
rolobium triangulare, Desmodium caudatum, Eupatorium adenophorum,
Pogostemon benghalense, Solanum hispidum
Ipomea carnea
Figure 4. Classiﬁcation of tree species on the basis of TWINSPAN.
Table 3
Clustering of tree species at various study sites.
Group No. of species Name of species
I 03 Ficus benghalensis, Litsea glutinosa, Ougeinia
oojeinensis
II 01 Adina cordifolia
III 05 Anogeissus latifolia, Bauhinia variegata,
Caseaseria tomentosa, Cassia ﬁstula, Miliusa velutina
IV 02 Cordia dichotoma, Flacourtia indica
V 01 Terminalia alata
VI 04 Ehretia laevis, Mallotus philippensis, Shorea robusta,
Syzygium cumini, Bombax cieba
VII 01 Terminalia bellirica
VIII 01 Tectona grandis
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historical or evolutionary development, regional species dynamics,
regional species pool, environmental variables, and human activity
(Woodward, 1988; Palmer, 1991; Eriksson, 1996; Zobel, 1997;
Criddle et al., 2003). The values of vegetation parameters ob-
tained for most of the sites in the present study fall within a
comparable range of values reported for western Himalaya (Kala
and Uniyal, 1999).
The ﬁndings of the present study reveal that the presence of
some opportunistic species such as M. philippensis, F. indica,
Holarrhena antidysenterica, Ficus hispida, L. glutinosa, L. camara, andTable 4
Physicochemical properties of the soil from different study sites.
Parameters Asarori (600 m) Jhajra and
Selaqui (450 m)
Thano (850 m)
Sand 69.87 (0.69) 66.01 (0.57) 55.44 (0.98)
Silt 10.12 (0.43) 14.12 (0.56) 26.11 (0.33)
Clay 20.01 (0.38) 19.87 (0.49) 18.45 (0.21)
Bulk density
(g cm3)
1.29 (0.66) 1.43 (0.09) 1.25 (0.51)
Porosity 43.77 (0.45) 44.22 (0.31) 42.97 (0.33)
Moisture content 12.03 (0.22) 15.04 (0.13) 12.89 (0.77)
Water holding
capacity
44.87 (0.06) 41.05 (0.81) 43.09 (0.39)
Soil pH 5.89 (0.19) 6.21 (0.11) 5.69 (0.08)
Soil carbon 1.87 (0.01) 1.79 (0.43) 1.67 (0.28)
Total organic matter 2.89 (0.15) 2.7 (0.34) 2.81 (0.48)
Nitrogen 0.13 (0.48) 0.12 (0.38) 0.13 (0.81)
Available phosphorus
(ppm)
22.98 (0.18) 23.12 (0.19) 24.7 (0.28)
C/N ratio 14.38 (0.25) 14.92 (0.55) 12.85 (0.42)
Data are presented as % unless otherwise indicated.M. koenigii in forests are taking advantage of canopy opening on the
one hand, and changing the environmental conditions from moist
to mesic and further to xeric on the other hand. The distribution
pattern analysis shows species dispersion across a span of time at
any given site. The patterns of distribution solely depend on both
the physicochemical natures of the environment as well as on the
biological peculiarities of the organisms themselves. Among the
sites, an overview of distribution patterns (A/F ratio) for herb,
shrub, and tree layers shows that contiguous growth pattern was
themost common followed by random pattern. According to Odum
(1971), contiguous distribution is common in nature and formed as
a result of small but signiﬁcant variations in the ambient environ-
mental conditions; the author also noted that random distribution
is found in very uniform environments only, and regular distribu-
tion occurs where severe competition exists between individuals.
Contiguous distribution of varying degrees has been observed in
the tropical forests of India by Pande et al. (1988) and
Shanmughavel (1994). Similar ﬁndings have also been reported by
Kumar et al. (2004) for the tropical forest of Garhwal Himalaya.
Variation in the distribution pattern among sites and vegetation
composition are associated with microenvironmental and biotic
factors (Singhal and Soni, 1989).
The IVI of sal in tree layers ranged between 114.66 and 176.00,
which was found to be well within the limits of earlier studies
(Gautam et al., 2008; Bisht and Sharma,1987; Rawat and Bhainsora,
1999; Pande, 1999; Agni et al., 2000; Chauhan, 2001). The domi-
nance of sal depends on age, available resources, associate species,
disturbance regime, and successional changes. In the site (Thano
range) where the IVI exceeded 150, it can be predicted that the sal
forest is progressing toward the culmination stage, whereas in the
other two sites (Asarori and SelaquieJhajra range), IVI values
ranging between 100 and 150 denote that these sites were under
heavy disturbances.
The value of concentration of dominance for shrub species in all
sites lies in the range of 0.05e0.06, similar to the values reported by
earlier studies in some parts of this valley (Kukreti and Negi, 2004;
Gautam et al., 2008; Negi et al., 2002). The Cd value for herb species
ranged from 0.03 to 0.04. The Cd value for tree species ranged from
0.28 to 0.62. Slightly similar values were recorded by Kukreti and
Negi (2004), and marginally elevated values were recorded by
Gautam et al. (2008) in the sal forest from other parts of the valley.
The values of species diversity (H0) reported in the present study
tilt toward the higher end of the spectrum; this may be attributed
to the increased tourist activity and economic opportunities pro-
vided by the valley to instate and outstate people (the migration
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and forest cover while increasing the canopy gaps, which have
proven to be favorable for the invasion of a large number of
opportunistic plants, resulting in the increase of richness at the
shrub and herb levels by lowering the dominance of a few other
species. This makes resources available to early successional species
and by increasing environmental heterogeneity provides a basis for
specialization and resource partitioning (Grubb, 1977; Denslow,
1980). In general, the species diversity (H0) of tropical forests is
high, ranging between 5.06 and 5.40 (Knight, 1975), but in Indian
forests it ranges between 0.00 and 4.21 (Gautam et al., 2008; Singh
et al., 1984; Bisht and Sharma, 1987; Parthasarthy et al., 1992;
Pande, 1999; Agni et al., 2000; Chauhan, 2001). However, the
value of H0 calculated in previous studies in relation to Doon Valley
indicated that the diversity of shrub and herb layers has increased
in the past 24 years (Bisht and Sharma, 1987; Rawat and Bhainsora,
1999; Pande, 1999; Chauhan, 2001).
The diversity index ranged between 2.14 and 3.88 for herb spe-
cies and between 2.75 and 3.14 for shrub species in the present
study, showing a close similaritywith the values reported by Gautam
et al. (2008) for sal forests from other locations of Doon Valley and
earlier studies reported for the Indian subcontinent (tropical forest;
Singh et al., 1984; Parthasarthy et al., 1992; Visalakshi, 1995). The
species diversity, concentration of dominance, and evenness values
of the shrub species in the present study site closely matched the
values reported by Kukreti and Negi (2004).
The sal forests of Doon Valley are characteristically uniform in
distribution except in a few places, but the values observed for Cd in
the present study are much lower than those reported in earlier
studies (Bisht and Sharma, 1987; Rawat and Bhainsora, 1999;
Pande, 1999; Chauhan, 2001). This variation in values clearly in-
dicates that the sal forests of the valley are moving toward diver-
siﬁcation. The reason for this incongruity may be attributed to the
different levels of disturbances prevailing in these forests (i.e.
collection of fodder and fuel wood, heavy grazing of cattle,
tremendous population increase in Doon Valley in the past few
years after it became the state capital of Uttarakhand). It is possible
that, because of these factors, the Cd value has decreased from 0.84
to 0.05 in the shrub layer and from 0.93 to 0.02 in the herb layer.
The value of b diversity in herbs varied between 2.55 (in Asarori)
and 3.98 (in the Thano range). These values are similar to those
reported earlier byManhas and Gupta (2007) in some parts of Doon
Valley. The b diversity for shrub species in Asarori and Selaquie
Jhajra range was found to be 3.88 and 3.67, respectively, whereas a
value of 3.11 was reported for Thano range. The b diversity for trees
varied from 2.39 (Asarori) to 4.98 (Thano). It was observed that
there was a substantial reduction in species richness of native
shrubs and trees when compared to the earlier report by Gautam
et al. (2006). This decrease may be attributable to the increased
cattle grazing and cutting pressure, which favored the dominance
of many invasive species such as L. camara, C. opaca, A. solanacea,
and A. zeylanica, as well as the complete disappearance of many
other species, which are less adapted to dry conditions and intense
biotic inﬂuences. The situation further explains the spread of
L. camara L., Chromolaena odorata (L.) King & Robinson, and many
other invasive species throughout the peripheries of the forests
because of their competitive ability relative to other shrubs.
The TWINSPAN quantitative classiﬁcation method clearly de-
scribes the distribution pattern of forest communities in the study
area and distinctively classiﬁes the vegetation into shrub, herb, and
tree communities. The distribution pattern of forest communities
reﬂects the comprehensive inﬂuence of environmental factors. The
sal forest community was found to be ﬂoristically the richest
among the forest communities in all the deciduous parts of the
valley. It was also observed that plant diversity decreased with theincreasing dominance of the invasive woody shrubs and tree spe-
cies. The proportion of sal in different forest communities was
found to be gradually increasing. At the same time, the number of
sal trees per plot was constantly decreasing, providing more op-
portunities to other species such as M. philippensis (Lam.) Muell.-
Arg, S. cumini (L.) Skeels and E. laevis Roxb. The impact of dense
sal colonization in deep forests on the surrounding areas was sig-
niﬁcant, owing to a considerable deterioration of light conditions
reaching the ground layer, whereas in the peripheries a large and
signiﬁcant amount of light was able to reach the ground because of
large forest gaps, making it even more vulnerable for the growth of
invasive bushes. Clusters VII and IX in herb groups (Figure 2),
clusters I and XI in shrub groups (Figure 3), and clusters III and VI in
tree groups (Figure 4), being well isolated in TWINSPAN, indicated
that composition in these clusters differ substantially from that of
other clusters and include the maximum number of species. More
than a few species in each cluster showed variation in their IVI
values. This distinct distributional pattern simply argues that spe-
cies respond differently to the available environmental factors
(Ahiti et al., 1968; Eshaghi et al., 2009).
The soil pH in all sites was found to be acidic. One possible
explanation for this could be the nonweathering of rocks from
these study sites, because weathering of rocks increases the pH of
the soil (Khera et al., 2001). According to Meiwes et al. (1986) and
Ulrich (1991), soils of the Doon sal forests with pH 5.0e6.5 lie in the
silicate buffer range showing sufﬁcient nutrient supply and
reduced cation losses in the leaching. Species diversity in tree layers
was found to be reduced with the increase in elevation. This may
possibly be explained as periodic soil erosion in the hill slope and
hilltop, which inﬂuences the regeneration of late successional
species. Tilman (1988) reported that late successions are not absent
from the early succession environment. The organic carbon was
higher in Asarori forest (1.87%) compared with the other two sites
(1.79% and 1.67%). These values are lower than the values reported
in earlier studies for organic carbon (2.23e2.81%) in the dry de-
ciduous forest of western India by Kumar et al. (2010). The con-
centrations of organic carbon, nitrogen, and phosphorus in the
earlier study of Kumar et al. (2010) were found to signiﬁcantly vary
among the different soil depths, showing a high degree of corre-
lation with tree species richness, whereas tree density was clearly
negatively correlated to some variables such as phosphorus and
nitrogen and positively correlated with carbon. In the present
study, porosity, water holding capacity, soil carbon, organic matter,
total nitrogen %, sand %, and clay % were found to be high in the
Asarori forest range, and it was also observed that these values
decreased with the increase in elevation. This ﬁnding was in line
with the ﬁndings of Silver et al. (1994).
On the basis of the results obtained from the present study, it
was noted that vegetation under the stress of biotic pressure
gradually became xeric. Interestingly, some of the species from the
valley have managed to survive because of their broad ecological
amplitude and greater adaptability against biotic inﬂuences. This
development increases the possibility of, and potential for, natural
regeneration in these forests. Various statistical data from the val-
ley reveal a sharp decline in forest cover and land use pattern in the
area, which we strongly believe makes the situation alarming.
Therefore, the results of the present study can clearly make a sig-
niﬁcant difference by revealing the current status of plant diversity,
the status of sal trees in natural sal forests, the strongly competitive
nature of invasive and opportunistic species (e.g. Mallotus spp.,
Syzygium, and Lantana) in sal-dominated natural forests, and the
soil chemical properties along the altitudinal gradient. The rich
vegetation diversity of forest communities can provide more sta-
bility, maturity, productivity, and spatial heterogeneity to the forest
ecosystem. It is also of vital importance for the conservation of
(continued )
Species D F A A/F IVI
Mazus rugosus Lour. 1.20 40 2.40 0.060 6.64
Mimosa pudica L. 0.80 50 2.00 0.040 4.73
Oplismenus compositus (L.) P. Beauv. 1.20 60 2.40 0.040 3.44
Oxalis corniculata L. 1.20 60 3.00 0.050 4.58
Paspalidium ﬂavidum (Retz.) A. Camus 1.60 50 3.20 0.064 6.27
Peperomia pellucida (L.) Kunth 0.60 40 1.50 0.038 4.37
Phyllanthus urinaria L. 2.10 60 3.50 0.058 8.68
Phyllanthus virgatus G. Forster 0.50 50 1.67 0.033 5.33
Portulaca pilosa L. 1.90 50 3.17 0.063 8.32
Rauvolﬁa serpentina (L.) Benth. ex Kurtz 1.10 60 2.20 0.037 7.37
Setaria glauca (L.) P. Beauv. 1.60 70 3.20 0.046 8.99
Sida cordata (Burm. f.) Borss. Waalk. 0.70 70 1.75 0.025 7.28
Sida cordifolia L. 1.40 80 2.33 0.029 6.33
Spilanthes paniculata DC. 0.70 30 1.75 0.058 6.73
Syndrella vialis (Lees) A. Grey 1.20 30 2.40 0.080 8.06
Triumfetta rhomboidea Jacquin 1.10 30 2.75 0.092 4.44
Vernonia cinerea (L.) Lessing 1.70 80 2.43 0.030 6.11
A ¼ abundance, D ¼ density (plants m2), F¼ frequency (%), IVI ¼ Importance Value
Index.
Species D F A A/F IVI
Adhatoda zeylanica Medikus 1.8 60 3.60 0.060 14.33
Ardisia solanacea (Poiret) Roxb. 3.6 90 3.41 0.038 22.56
Asparagus adsecndens Buch.-Ham. ex Roxb. 1.9 50 2.17 0.043 13.45
Baliospermum montanum (Willd.) Muell.-Arg 0.8 50 1.52 0.030 10.99
Calamus tenuis Roxb. 0.7 50 1.25 0.025 9.11
Callicarpa macrophylla Vahl. 1.6 40 2.61 0.065 9.13
Carissa opaca Stapf ex Haines 1.7 60 2.25 0.038 14.22
Cassia occidentalis L. 1.6 70 2.23 0.029 12.33
Cassia tora L. 1.8 60 1.86 0.031 13.75
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dustrial and urban expansion and forest clearing. In the subtropical
deciduous vegetation zone, natural and old growth forests (sal in
this case) still exist and can be regarded as highly valuable habitats
in terms of biodiversity. Inappropriate forest management would
lead to the destruction of most of these forest communities, which
in some cases may even cause annihilation of their habitats.
Therefore, the present phytodiversity analysis of the natural sal-
dominated forests of Doon Valley hopes to provide a better op-
portunity for researchers and policy makers who want to obtain
more accurate data on forest inventory and its implications on
further conservation strategies.
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Appendix 1. Distribution analysis of herb species in Asarori
forest.Species D F A A/F IVI
Achyranthes aspera L. 1.10 70 2.20 0.031 3.99
Acrocephalus capitatus (Roth) Benth. 1.40 50 2.00 0.040 5.77
Adenostemma lavenia (L.) Kuntze 0.80 60 2.67 0.045 3.44
Aerva sanguinolenta (L.) Blume 2.50 90 2.50 0.028 8.9
Ageratum conyzoides L. 1.50 50 3.75 0.075 4.98
Alternanthera sessilis (L.) DC. 1.70 50 2.83 0.057 6.53
Anisomeles indica (L.) Kuntze 0.80 60 2.67 0.045 4.44
Bacopa procumbens (Miller) Greenman 0.90 80 1.80 0.023 4.56
Borreria articularis (L. f.) F. N. Williams 1.00 50 2.50 0.050 5.11
Chrysopogon aciculatus (Retz.) Trinius 0.90 40 1.80 0.045 5.99
Corchorus aestuans L. 0.80 50 2.00 0.040 6.91
Cyanotis cristata (L.) D. Don 0.80 60 2.00 0.033 4.93
Cynodon arcuatus J. S. Presl ex C. B. Presl 1.40 70 2.80 0.040 7.11
Cynodon dactylon (L.) Persoon 1.20 70 3.00 0.043 3.98
Cynoglossum lanceolatum Forsk. 0.80 30 2.00 0.067 4.11
Cyperus kyllingia Endl. 1.60 80 3.20 0.040 5.67
Cyperus paniceus (Rottboell) Boeckeler 0.60 40 2.00 0.050 3.66
Cyperus pumilus Linn. Cent. Pl. 1.00 50 3.33 0.067 4.03
Dactyloctenium aegypticum (L.) P. Beauv. 1.30 60 2.60 0.043 6.06
Desmodium heterocarpon (L.) DC. 0.90 40 3.00 0.075 4.82
Desmodium triﬂorum (L.) DC. 1.30 50 2.60 0.052 6.82
Eleusine indica (L.) Gaertner 0.30 40 1.50 0.038 3.71
Emilia sonchifolia (L.) DC. 0.60 50 1.50 0.030 5.57
Eragrostis tenella (L.) P. Bea.
ex Roemer & Sch.
1.20 60 2.00 0.033 4.82
Eragrostis tremula (Lam.)
Hochst. ex Steudel
0.60 40 2.00 0.050 5.6
Euphorbia hirta L. 1.70 50 2.83 0.057 10.33
Evolvulus nummularius (L.) L. 1.10 70 2.75 0.039 7.44
Fimbristylis dichotoma (L.) Vahl 1.50 70 3.00 0.043 8.99
Justicia diffusa C. B. Clar. ex Hook. f. 1.30 80 2.60 0.033 10.24
Lindernia ciliata (Colsmann) Pennell 1.60 50 3.20 0.064 9.32
Lindernia crustacea (L.) F. V. Mueller 0.80 50 1.60 0.032 8.49
Malvastrum coromandelianum (L.)
Garcke
0.70 40 3.50 0.088 6.01Appendix 2. Distribution analysis of shrub species in Asarori
forest.Clerodendrum viscosum Ventenat 3.9 80 3.33 0.042 13.22
Coffea benghalensis Hey. ex Roe. & Schultes 0.4 40 1.1 0.025 9.4
Colebrookia oppositifolia J.E. Smith 1.6 40 5.0 0.125 13.22
Desmodium gangeticum (Linn.) DC. 1.7 30 2.75 0.092 10.22
Flemengia paniculata Wall. Ex Benth 0.8 50 1.25 0.025 9.29
Ipomoea carnea Jacquin Enum 0.6 50 1.91 0.020 14.22
Lantana camara L. 1.4 90 2.50 0.083 35.45
Murraya koenigii (L.) Sprengel 1.5 60 2.57 0.043 18.23
Randia uliginosa DC. 0.9 40 1.67 0.042 11.01
Salix tetrasperma Roxb. 0.5 40 1.60 0.040 13.67
Solanum torvum Swartz 1.4 50 2.25 0.045 13.78
Urena lobata L. 2.9 60 2.75 0.046 18.44
A ¼ abundance, D ¼ density (plants m2), F¼ frequency (%), IVI ¼ Importance Value
Index.Appendix 3. Distribution analysis of tree species in Asarori
forest.Species D F A A/F IVI
Adina cordifolia (Roxb.) Hook. f. ex Brandis 0.4 40 1.99 0.050 13.11
Anogeissus latifolia Wall. 0.1 20 1.54 0.077 6.33
Bauhinia variegata L. 0.2 20 1.44 0.072 9.44
Casearia tomentosa Roxb. 0.1 30 1.68 0.056 3.98
Cassia ﬁstula L. 0.2 30 1.43 0.048 10.22
Ehretia laevis Roxb 1.8 60 2.57 0.043 29.33
Ficus benghalensis L. 0.1 30 2.01 0.067 5.44
Litsea glutinosa (Lour.) Robinson 0.1 20 1.55 0.078 5.43
Mallotus philippensis (Lam.) Muell.-Arg 2.1 40 3.4 0.085 39.44
Miliusa velutina (Dunal) Hook. f. & Thom 0.1 30 2.3 0.077 6.52
Ougeinia oojeinensis (Roxb.) Hochre. 0.1 20 2.34 0.117 9.04
Shorea robusta Roxb. ex Gaertner f. 9.1 100 6.5 0.072 132.44
(continued on next page)
(continued )
Species D F A A/F IVI
Salix tetrasperma Roxb. 2.8 60 3.33 0.06 15.66
Solanum torvum Swartz 1.1 60 1.83 0.03 11.99
Toddalia asiatica (L.) Lam. 1.1 50 2.20 0.04 11.58
Urena lobata L. 2.1 30 3.33 0.11 10.33
A ¼ abundance, D ¼ density (plants m2), F ¼ frequency (%), IVI ¼ Importance Value
Index.
(continued )
Species D F A A/F IVI
Syzygium cumini (L.) Skeels 0.4 30 1.2 0.040 9.21
Terminalia alata Heyne 0.1 10 1.6 0.160 6.1
Terminalia bellirica (Gaertner) Roxb. 0.2 20 2.3 0.115 13.99
A ¼ abundance, D ¼ density (plants m2), F ¼ frequency (%), IVI ¼ Importance Value
Index.
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Jhajra forest.Species D F A A/F IVI
Achyranthes aspera L. 2.5 80 3.13 0.039 16.99
Ageratum conyzoides L. 0.5 40 1.67 0.042 6.49
Alternanthera sessilis (L.) DC. 1.8 50 3.00 0.060 10.22
Artemisia nilagirica C.B. Clarke 1.1 50 2.75 0.055 8.94
Bidens biternata (Lour.) Merrill & Sherff 1.5 40 2.50 0.063 11.49
Corchorus aestuans L. 0.6 40 2.00 0.050 11.42
Cynaglossum lanceolatum Forsk. 0.8 50 2.00 0.040 10.39
Cynotis cristata (L.) D. Don 1.2 60 2.00 0.033 11.02
Cyperus kyllingia Endl. 1.2 60 1.71 0.029 10.22
Cyperus rotundus L. 0.7 70 1.40 0.020 8.35
Desmodium heterocarpon (L.) DC. 0.9 40 3.00 0.075 8.09
Desmodium triﬂorum (L.) DC. 1.6 50 2.67 0.053 12.21
Emelia sonchifolia (L.) DC. 0.8 30 2.00 0.067 9.71
Eragrostis tremula (Lam.) Hochst ex Steudel 0.6 30 1.50 0.050 9.8
Euphorbia hirta L. 1.5 40 3.75 0.094 14.39
Malvastrum coromendelianum (L.) Garcke 0.6 50 1.50 0.030 6.87
Mimosa pudica L. 1.4 50 2.33 0.047 13.24
Parthenium hysterophorus L. 0.6 30 3.00 0.100 5.65
Peperomia pellucida (L.) Kunth 1.9 60 2.71 0.045 10.21
Phyllanthus urinaria L. 0.3 30 1.50 0.050 5.21
Polygonum plebejum R. Br. 2.1 70 2.50 0.036 14.34
Portulaca pilosa L. 0.3 30 1.50 0.050 5.12
Setaria glauca (L.) P. Beauv. 2.1 70 2.63 0.038 15.11
Sida cordata (Burm. f.) Borss. Waalk. 0.7 20 2.33 0.117 6.03
Sida rhombifolia L. 1.7 80 2.43 0.030 12.17
Spilanthes paniculata DC 0.9 40 3.00 0.075 7.06
Tridax procumbens L. 1.9 60 2.71 0.045 15.91
Xanthium strumarium L. 0.9 60 1.80 0.030 9.04
Zingiber roseum (Roxb.) Roscoe 1.8 70 2.25 0.032 14.33
A ¼ abundance, D ¼ density (plants m2), F ¼ frequency (%), IVI ¼ Importance Value
Index.
Species D F A A/F IVI
Adina cordifolia (Roxb.) Hook. f. ex Brandis 0.2 30 1.22 0.041 9.63
Anogeissus latifolia Wall. 0.2 30 1.01 0.034 8.44
Bauhinia variegata L. 0.1 20 1.32 0.066 6.57
Caseaseria tomentosa Roxb. 0.1 10 1.11 0.111 4.02
Cassia ﬁstula L. 0.1 30 1.43 0.048 6.57
Cordia dichotoma G. Forst 0.1 20 1.14 0.057 7.67
Ehretia laevis Roxb 0.8 20 2.67 0.134 15.33
Flacourtia indica (Burm. f.) Merrill 0.1 20 1.54 0.077 4.42
Mallotus philippensis (Lam.) Muell.-Arg 1.6 40 2.67 0.067 27.44
Miliusa velutina (Dunal) Hook. f. & Thomson 0.2 10 2.11 0.211 10.21
Phyllanthus emblica 1.7 50 1.89 0.038 16.44
Senegalia catechu (L. f.) P.J.H. Hurter & Mabb. 4.5 40 1.7 0.043 15.22
Shorea robusta Roxb. ex Gaertner f. 6.5 100 6.5 0.065 114.66
Syzygium cumini (L.) Skeels 1.4 30 3.5 0.117 25.33
Terminalia alata Heyne 0.1 20 2.17 0.109 7.67
Terminalia bellirica (Gaertner) Roxb. 0.2 30 2.31 0.077 21.11
A ¼ abundance, D ¼ density (plants m2), F ¼ frequency (%), IVI ¼ Importance Value
Species D F A A/F IVI
Achyranthes aspera L. 3.2 80 3.11 0.039 15.33
Acrocephalus capitatus (Roth) Benth 1.8 50 2.50 0.050 8.63
Ageratum conyzoides L. 2.2 60 3.14 0.052 12.42
Asparagus racemosus Willd. 0.9 40 3.10 0.075 7.69
Borreria articularis (L. f.) F.N. Williams 2.1 50 2.67 0.053 10.99
Chenopodium album L. 1.1 50 2.10 0.040 9.30
Cynoglossum lanceolatum Forsk. 1.3 40 2.17 0.054 11.34
Cyperus nutans Vahl. 1.2 40 2.20 0.050 8.99
Desmodium triﬂorum (L.) DC. 1.3 50 2.17 0.043 12.11Appendix 5. Distribution analysis of shrub species in
SelaquieJhajra forest.Species D F A A/F IVI
Agave cantula Roxb 1.3 50 2.60 0.05 14.22
Ardisisa solanacea (Poiret) Roxb 2.5 80 3.13 0.04 17.44
Asparagus adscendens Buch.-Ham. Ex Roxb. 0.4 30 1.33 0.04 8.68
Bambusa arundinacea Willd. 0.4 40 1.23 0.03 8.35
Calamus tenuis Roxb. 0.5 40 1.25 0.03 8.76
Carissa opaca Stapf ex Haines 1.4 50 2.81 0.06 13.22
Clerodendrum viscosum Ventenat 2.1 70 3.10 0.04 18.44
Colebrookia oppositifolia J.E. Smith 0.5 50 1.21 0.02 8.63
Desmodium pulchellum (L.) Benth. 0.7 70 1.21 0.01 12.87
Holarrhena antidysentrica Wall 1.2 50 2.40 0.05 17.55
Ipomea atropurpurea Ham ex Ham. 1.4 60 2.33 0.04 16.22
Lantana camara L. 0.8 100 1.60 0.03 20.66
Murraya koenigii (L.) Sprengel 2.9 100 3.22 0.04 27.33
Opuntia dillenii Haw. 0.9 40 2.25 0.06 15.99
Phlogacanthus thyrsiﬂorus (Roxb.) Nees 0.5 40 1.25 0.03 14.56
Randia uliginosa DC. 0.9 50 1.81 0.04 15.66
Rubus ellipticus J.E. Smith 0.8 50 1.60 0.03 12.82Appendix 6. Distribution analysis of tree species in Selaquie
Jhajra forest.Index.Appendix 7. Distribution analysis of herb species in Thano
forest.Digitaria granularis (Trinius) Henard 1.2 40 2.50 0.063 11.26
Hygrophila angustifolia R. Br. 2.1 70 2.50 0.036 17.55
Lindernia crustacea (L.) F. V. Mueller 0.6 40 2.20 0.050 7.40
Mazus rugosus Lour. 1.6 80 2.23 0.025 11.70
Mosla dianthera Buch.-Ham. Ex Roxb 0.3 40 1.50 0.038 5.46
Oplismenus compositus (L.) P. Beauv. 1.7 60 2.50 0.042 13.24
Oxalis corniculata L. 0.6 50 1.50 0.030 7.59
Parthenium hysterophorus L. 1.5 60 2.50 0.042 13.22
Phyllanthus virgatus G. Foster 1.6 40 4.12 0.100 9.87
Polygonum barbatum L. 1.7 70 2.83 0.040 12.33
Portulaca pilosa L. 0.8 50 2 0.040 9.10
Pupalia lappacea Hook f. 1.7 40 2.83 0.071 11.79
Sida cordata (Burm. f.) Borss. Waalk. 1.5 50 3 0.060 9.14
Sida rhombifolia. L. 1.5 50 1.83 0.037 12.44
Spilanthes paniculata Wall ex DC. 1.4 30 2.75 0.092 13.22
Syndrella vialis (Lees) A. Gray 1.7 70 2.43 0.035 10.33
Triumfetta rhomboidea Jacquin 2.3 60 3.83 0.064 11.22
Vernonica cinerea (L.) Lessing 3.5 90 3.4 0.038 16.59
A ¼ abundance, D ¼ density (plants m2), F ¼ frequency (%), IVI ¼ Importance Value
Index.
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forest.Species D F A A/F IVI
Adhatoda zeylanica Medikus 2.2 80 2.55 0.032 26.4
Agave cantula Roxb. 0.9 60 2.32 0.038 14.05
Ardisia solanacea (Poiret) Roxb. 1.3 50 3.88 0.078 12.18
Asparagus adscendens Buch.-Ham ex Roxb 1.4 40 3.25 0.080 11.72
Azanza lampas (Cav.) Alef. 0.2 20 2.91 0.145 3.53
Barleria strigosa Willd. 1.2 40 2.50 0.063 11.38
Boehmeria frutescens D. Don 0.8 50 2.60 0.052 8.23
Calotropis procera (Aiton) Dryander 0.8 50 3.11 0.062 8.02
Carissa opaca Stapf ex Haines 1.3 40 4.21 0.105 6.08
Cassia occidentalis L. 0.6 30 3.66 0.122 7.22
Clerodendrum viscosum Ventenat 1.6 60 3.61 0.060 14.23
Colebrookia oppositifolia J.E. Smith 0.3 30 2.11 0.070 7.22
Cudrania javensis Trecul 1.1 50 2.75 0.055 11.45
Dendrolobium triangulare (Retz.) Sch. 1.2 50 3.51 0.070 12.36
Desmodium caudatum (Thumb.) DC. 0.7 40 2.85 0.071 6.92
Eupatorium adenophorum Sprengel 1.4 40 2.65 0.066 14.61
Flemengia bracteata (Roxb.) Wight 1.7 40 3.41 0.085 16.32
Glycosmis pentaphylla Auct. Mult. Non DC. 0.9 40 3.29 0.082 9.77
Holarrhena antidysentrica Wall. 1.2 60 3.23 0.054 12.27
Ipomea carnea Jacquin Enum. 0.9 30 3.22 0.107 15.26
Lantana camara L. 0.6 90 1.60 0.03 14.66
Limonia crenulata Roxb. 0.9 50 3.53 0.071 15.26
Murraya koenigii (L.) Sprengel 1.8 60 3.66 0.061 16.87
Pogostemon benghalense (Burm. f.) Kuntze 1.1 50 3.11 0.062 6.24
Solanum hispidum Persoon 1.9 70 3.75 0.054 17.75
A ¼ abundance, D ¼ density (plants m2), F ¼ frequency (%), IVI ¼ Importance Value
Indices Asarori forest SelaquieJhajra forest Thano forest
Diversity (b) 2.39 3.65 4.98
Dominance (Cd) 0.28 0.29 0.62
Evenness (J) 0.56 0.59 0.51
Richness (a) 15 14 08
Shannon (H0) 1.87 2.92 1.54Appendix 9. Distribution analysis of tree species in Thano
forest.
Index.Species D F A A/F IVI
Bombax cieba L. 0.3 30 1.22 0.041 11.98
Cassia ﬁstula L. 0.2 20 1.32 0.066 12.09
Ehretia laevis Roxb 0.4 40 1.45 0.036 17.28
Mallotus philippensis (Lam.) Muell.-Arg. 1.4 30 3.60 0.120 32.10
Shorea robusta Roxb. ex Gaertner f. 10.7 100 10.83 0.108 176.0
Syzygium cumini (L.) Skeels 0.2 30 1.02 0.034 24.33
Tectona grandis L. f. 0.2 30 1.09 0.036 13.22
Terminalia alata (Gaertner) Roxb. 0.2 20 1.11 0.056 13.21
A ¼ abundance, D ¼ density (plants m2), F ¼ frequency (%), IVI ¼ Importance Value
Index.Appendix 10. Diversity index of herbs at various study sites.Indices Asarori forest SelaquieJhajra forest Thano forest
Diversity (b) 2.55 3.92 3.98
Dominance (Cd) 0.03 0.04 0.04
Evenness (J) 0.98 0.99 0.98
Richness (a) 49 29 27
0Shannon (H ) 3.84 4.12 4.2Indices Asarori forest SelaquieJhajra forest Thano forest
Diversity (b) 3.88 3.67 3.11
Dominance (Cd) 0.06 0.05 0.05
Evenness (J) 0.93 0.95 0.94
Richness (a) 21 21 24
Shannon (H0) 3.14 2.66 3.89Appendix 11. Diversity index of shrubs at various study sites.Appendix 12. Diversity index of trees at various study sites.
References
Aerts R. 1989. Nitrogen use efﬁciency in relation to nitrogen availability and plant
community composition. In: Lambers H, Cambridge ML, Konings H, et al., edi-
tors. Causes and Consequences of variation in growth rate and productivity of
higher plants. The Hague, The Netherlands: SPB Academics Publishing. pp. 285e
297.
Agni T, Pandit A, Pant K, et al. 2000. Analysis of tree vegetation in the Taraie
Bhabhar Tract of Kumaun Central Himalaya. Indian Journal of Forestry 23:252e
261.
Ahiti T, Ahiti LH, Jalas J. 1968. Vegetation zones and their sections in North Western
Europe. Annales Botanici Fennici 5:169e211.
Bhatnagar HP. 1960. Plant communities in some sal forests of U.P. Indian Forester 86:
139e151.
Billings WD. 1952. The environment complex in relation to plant growth and dis-
tribution. Quarterly Review of Biology 27:251e265.
Billings WD. 1979. High mountain ecosystems: evolution, structure, operation and
maintenance. In: Webber PJ, editor. High altitude geology. AAAS Selected Sym-
posium 12. Boulder, CO: West View Press. pp. 97e125.
Bisht APS, Sharma SC. 1987. Disturbance regimes in sal (Shorea robusta) forests of
Dehra Dun Forest Division. International Journal of Ecology & Environmental
Science 13:87e94.
Bliss LC. 1963. Alpine plant communities of the Presidential Range, New Hampshire.
Ecology 44:678e697.
Braun-Blanquet J. 1932. Plant sociology (Conard HS, Fuller GD, Trans.). New York:
McGraw-Hill.
Champion HG. 1923. The inﬂuence of hand of man on the distribution of forest in
the Kumaun Himalaya. Indian Forester 49 (3):117e135.
Champion HG, Seth SK. 1968. A revised survey of the forest types of India. New Delhi:
Manager of Publication, Govt. of India.
Chauhan PS. 2001. Sal (Shorea robusta Gaertn. f.) mosaic characterization in Doon
Valley. PhD thesis. Dehra Dun, India: Forest Research Institute, Deemed
University.
Criddle RS, Church JN, Smith BN, et al. 2003. Fundamental causes of the global
patterns of species range and richness. Russian Journal of Plant Physiology 50:
192e199.
Curtis JJ, McIntosh RP. 1951. An upland forest continuum in the prairie forest border
region of Wisconsin. Ecology 32:476e496.
Denslow JS. 1980. Gap partitioning among tropical rain forest trees. Biotropica 12:
47e55.
Douglas GW, Bliss LC. 1977. Alpine and high sub-alpine plant communities of the
north cascades range, Washington and British Columbia. Ecological Monographs
47:113e150.
Eriksson O. 1996. Regional dynamics of plants: review of evidence for remnant,
source-sink and meta populations. Oikos 77:248e258.
Eshaghi Rad J, Manthey M, Mataji A. 2009. Comparison of plant species diversity
with different plant communities in deciduous forests. International Journal of
Environmental Science and Technology 6:389e394.
Gautam MK, Tripathi AK, Kamboj SK, et al. 2008. TWINSPAN classiﬁcation of moist
Shorea robusta Gaertn. f. (Sal) forests with respect to regeneration. Annals of
Forestry 16:713e717.
Gautam MK, Tripathi AK, Kamboj AK, et al. 2006. Changes in the scenario of
dominance and diversity in Shorea robusta Gaertn. f. (Sal) forests of Lacchhi-
wala, Doon Valley, India. Indian Forester 132:1645e1652.
Greig-Smith P. 1983. Quantitative plant ecology. Berkeley, CA: University of California
Press. p. 38.
Grime PJ. 1973. Control of species density in herbaceous vegetation. Journal of
Environmental Management 1:151e167.
Grubb PJ. 1977. The maintenance of species richness in plant communities: the
importance of the regeneration niche. Biological Reviews 52:107e145.
G Mandal, SP Joshi / Journal of Asia-Paciﬁc Biodiversity 7 (2014) 292e304304Heady HF. 1958. Vegetational changes in the California annual type. Ecology 39:
402e616.
Hill MO, Bunce RGH, Shaw MW. 1975. Indicator species analysis, a divisive poly-
thetic method of classiﬁcation, and its application to a survey of native pine
woods of Scotland. Journal of Ecology 63:597e613.
Hiremath AJ, Ewel JJ, Cole TG. 2002. Nutrient use efﬁciency in three fast-growing
tropical trees. Forest Science 48:662e671.
Kala CP, Uniyal VK. 1999. Forest vegetation along an altitudinal gradient in the
Valley of Flower National Park and its vicinity, Western Himalayan. Annals of
Forestry 7:60e69.
Khera N, Kumar A, Ram J, et al. 2001. Plant biodiversity assessment in relation to
disturbances in mid-elevation forest of central Himalaya, India. Tropical Ecology
42 (1):83e95.
Knight DH. 1975. A phytosociological analysis of species-rich tropical forest on Barro
Colorado Island, Panama. Ecological Monoghraphs 45:259e284.
Kolasa J, Rollo CD. 1991. Introduction: the heterogeneity of heterogeneity: a glos-
sary. In: Kolasa J, Pickett STA, editors. Ecological heterogeneity. New York:
Springer-Verlag. pp. 1e23.
Kukreti P, Negi JDS. 2004. Tree mortality and vegetational changes in a natural
sal forest of Barkot range, Dehra Dun Forest Division. Annals of Forestry 12:
47e55.
Kumar JIN, Kumar RN, Bhoi RK, et al. 2010. Tree species diversity and soil nutrient
status in three sites of tropical dry deciduous forests of western India. Tropical
Ecology 51:273e279.
Kumar M, Sharma CM, Rajwar GS. 2004. A study on the community structure and
diversity of a sub-tropical forest of Garhwal Himalayas. Indian Forester 130:
207e214.
Legendre P, Fortin M. 1989. Spatial pattern and ecological analysis. Vegetatio 80:
107e138.
Manhas RK, Gupta A. 2007. Gradient analysis of the vegetation of an inland wetland
ecosystem. Indian Journal of Forestry 30:499e504.
Meiwes KJ, Khanna PK, Ulrich B. 1986. Parameters for describing soil acidiﬁcation
and their relevance to the stability of forest ecosystems. Forest Ecology and
Management 15:161e179.
Mishra D, Mishra TK, Banerje SK. 1997. Comparative phytosociological and soil
physico-chemical aspects between managed and unmanaged lateritic land.
Annals of Forestry 5:16e25.
Mishra R. 1968. Ecology work book. Calcutta, New Delhi: Oxford and IBH Publishing
Company.
Mueller-Dombois B, Ellenberg H. 1974. Aims and method of vegetation ecology. New
York: John Wiley and Sons, Inc.
Negi JDS, Chauhan PS. 2002. Green house gases (GHGs) mitigation potential by sal
(Shorea robusta Gaertn. f.) forest of Doon Valley. Indian Forester 128:771e778.
Negi JDS, Shah D, Kukreti P, Negi M, Basera HS, Kamboj SK, Chauhan PS. 2002. An
ecological assessment of Sal mortality in Uttaranchal. Annals of Forestry 10 (2):
193e203.
OdumEP.1971. Fundamentals of ecology. 3rd ed. Philadelphia, PA:W.B. Saunders andCo.
Okalebo JR, Gathua KW, Woomer PL. 1993. Laboratory methods of soil and plant
analysis. A working manual, TSBF. Nairobi, Kenya: Soil Science Society of East
Africa Publication.
Palmer MW. 1991. Patterns of species richness among North Carolina hardwood
forests: tests of two hypotheses. Journal of Vegetation Science 2:361e366.
Pande PK, Bisht APS, Sharma SC. 1988. Comparative vegetation analysis of some
plantation ecosystems. Indian Forester 114:379e388.Pande PK. 1999. Comparative vegetation analysis of Sal (Shorea robusta): regener-
ation in relation to their disturbance magnitude in some sal forests. Tropical
Ecology 40:51e61.
PandeyHN, SinghRN.1987. Structure and function of early successional communities
on an abandoned crop ﬁeld at Varanasi, India. Tropical Ecology 28:92e100.
Parthasarthy N, Kinhal V, Kumar PL. Nov. 1992. Plant species diversity and human
impact in the tropical wet evergreen forests of southern Western Ghats. In:
Indo-French Workshop on Tropical Forest Ecosystem: Natural functioning and
anthropogenic impact. Pondicherry: French Institute. pp. 165e176.
Pielou EC. 1969. An introduction to mathematical ecology. New York: John Wiley and
Sons.
Piper CS. 1944. Soil and plant analysis. New York: Interscience Publication.
Rajvanshi A, Soni S, Kukreti UD, et al. 1983. A comparative study of undergrowth of
Sal forest and Eucalyptus plantation at GolatappareDehra Dun during rainy
season. Indian Journal of Forestry 6:117e119.
Rawat GS, Bhainsora NS. 1999. Woody vegetation of Shivaliks and outer Himalayas
in NortherneWestern India. Tropical Ecology 40:119e128.
Seneviratne G, Kurkulasuriya SA, Gunatilleke CVS, Rosswall T. 1992. Ecology of rice
fallow vegetation under lowland traditional farming in the dry zone of Sri
Lanka. Tropical Ecology 31 (1):17e28.
Shanmughavel P. 1994. Phyto-sociological studies of Dimbam Hill, Sathyamangalam
Forest Division, Tamil Nadu. Van Vighyan 32:80e85.
Shannon CE, Wiener W. 1963. The mathematical theory of communication. Urbana,
IL: University of Illinois Press.
Silver WL, Scatena FN, Johnson AH, et al. 1994. Nutrient availability in a montane
wet tropical forest: spatial patterns and methodological considerations. Plant
and Soil 164:129e145.
Singh JS, Singh SP, Saxena AK, et al. 1984. The forest vegetation of Silent Valley,
India. In: Chadwick AC, Literary Society, editors. Tropical rain forest: the Leeds
Symposium. Leeds, U.K.: Central Museum. pp. 25e52.
Singhal RM, Soni S. 1989. Quantitative ecological analysis of some woody species of
Mussoorie Himalayas (U.P.). Indian Forester 115:327e336.
Tilman D. 1988. Plant strategies and the dynamics and structure of plant communities.
Princeton, NJ: Princeton University Press.
Timilsina N, Ross MS, Heinen JT. 2007. A community analysis of sal (Shorea robusta)
forests in the western Terai of Nepal. Forest Ecology and Management 241:
223e234.
Ulrich B. 1991. Soil acidiﬁcation and alkalization. In: Ulrich B, Sumner ME, editors.
Soil acidity. New York: Springer-Verlag. pp. 28e79.
Visalakshi N. 1995. Vegetation analysis of two tropical dry evergreen forests in
Southern India. Tropical Ecology 36:117e127.
Walkley AJ, Black IA. 1934. Estimation of soil organic carbon by the chromic acid
titration method. Soil Science 37:29e38.
Warger MJA, Morrel VE. 1978. Plant species and plant communities: some conclusion.
In: Morrel VE, Warger MJA, editors. Plant species and plant communities. Pro-
ceedings of International Symposium of Nijimegen, 1976. Boston, London: Springer,
The Hague,. pp. 167e175.
Watt W. 1964. The community and the individual. Journal of Ecology 52:203e211.
Whittaker RH. 1975. Communities and ecosystems. 2nd ed. New York: Macmillan.
Woodward FL. 1988. Temperature and the distribution of plant species and vege-
tation. In: Long SP, Woodward FI, editors. Plants and temperature. Society of
Experimental Biology. Cambridge: Company of Biologists Limited. pp. 59e75.
Zobel M. 1997. The relative role of species pools in determining plants species
richness: an alternative explanation of species coexistence. Trends in Ecology &
Evolution 12:266e269.
